Reviews on the microwave radiation effect on the living tissues and biological materials have been published by many authors,'-' and a number of theories have also been proposed for the explanation of microwave effects.
In general, the effect of high frequency electric field was divided into two major categories, thermal and non-thermal effects. It is said that the thermal effect was elicited through absorption of electric field energy by biological materials. A majority of previous works3,9-11 revealed the absorption effect clearly on a variety of organs including nervous tissues. The other effect, the non-thermal effect, has not been distinctly demonstrated in most cases, so that most workers have not acknowledged a significance in this effect. However, the importance of this action was pointed out in systems of protein molecules and bound water. 5, e It is difficult to explain the two categories of microwave action on one and the same basis, because we have not yet adequate information which would enable us to link the phenomenon at organ-tissue level to the one at molecular level.
Several works on the microwave effect on the nervous tissues have been published, but they were mostly done on organ-tissue level. 1,3.7-10,12 In the present paper, we have tested the relation between super-high fre-quency  irradiation  and  the spontaneous  discharge  frequencies  recorded in the  crustacean  nerve  cord ganglia.  Though  the record  was taken  extracellularly, the observation seemed to be useful for interpreting the biological action of microwave irradiation from possible intracellular mechanisms.
METHODS
Materials used were the second and third ganglia of the ventral nerve cord, isolated from the American crayfish, Procambarus clarkii (Girard) and the Kuruma prawn, Penaeus japonicas Bate. The dissected ganglion was kept moist with the van Harreveld solution in cases of crayfish, and Cole's solution was used for the Kuruma prawn ganglion. Recordings of spontaneous ganglionic discharges were done with a pair of fine silver-wire electrodes placed on the surface of the ganglion. The ganglion was mounted on the small output tip of a microwave generator. Discharges were amplified with a CR amplifier and displayed on a dual-beam cathode ray oscilloscope. A block diagram of the experimental set was shown in Fig. 1 . 
RESULTS

Spontaneous Discharge Patterns and Microwave Irradiation
The frequency of spontaneous discharges in crayfish ganglia was usually in the range of 2 to 20 impulses per second when calculated by picking-up impulses of the same amplitude in a series. In the commonest type, the discharge rate did not show rapid and remarkable changes within 20 minutes, and the discharge could be recorded not rarely over three hours. Continuous spontaneous discharge of this type was recorded in more than 90% of the preparations examined. Less than 10% of examined crayfish ganglia showed beat type discharge patterns with fairly regularly appearing waxing and waning-off of impulse frequencies. Intervals of these beats were usually one to one and a half minutes . and S. Chichibu
The effects of microwave irradiation on the type of continuous spontaneous discharges are illustrated in Figs. 2 and 3. In Fig. 2 , the mean frequency of impulses was about 5 per second in the control (A). Four seconds after onset of klystron circuit, these impulses were progressively suppressed and their frequency was reduced to zero. After 10 seconds' irradiation, the recovery of impulses was not rapid for a while. Fig. 2C was taken 7 seconds after the end of irradiation. At that moment, the impulse frequency had come back to 3 impulses per second. The impulse amplitude was not influenced by irradiation. Fig. 3 The result shown in Fig. 3 
The Suppressed Phase
Tte suppressed phase was observed in nearly 95% of the crayfish ganglia in response to super-high frequency electric field irradiation. In exceptional preparations of 5 %, this phase was not distinct, and in 3 cases the impulse frequency did not decrease but gradually increased. Although the number of the experiment was limited, a similar tendency was observed in the Kuruma prawn ganglion.
The decrease in the discharge frequency was not linear from the onset of the microwave irradiation, and the curve of the declining limb was apparently and S. Chichibu 
The Supernormal Phase
This phase was observed very frequently with the crayfish ganglion, but with the prawn ganglion this phase was not distinct in 20% of the preparations.
Five to ten seconds after the termination of irradiation, the discharge frequency increased fairly rapidly up to 40% over the control, and this increase continued for 10 to 60 seconds. The time constant of the rising limb in this phase was 1.8 to 2.3 seconds in the crayfish, and about 2.0 seconds in prawn preparations. When this rising time constant was compared with the declining one in the suppressed phase, the former was usually smaller than the latter in one and the same ganglion.
Effect of Output Power Attenuation
In Fig. 6 , the results from one and the same ganglion but with and without the use of an attenuator are illustrated. The experiment was done on the third abdominal ganglion of the crayfish, and the spike amplitude was 420µV. The impulse frequen cies in the control period were 12.5 per second at the start, and 15.1 per second later. As shown with filled circles and a solid curve, a 100,u W/mm3 irradiation produced a decrease in discharge frequency with the time constant of 2.3 seconds, and impulse discharge ceased finally. When the attenuator was inserted between klystron output and the ganglion, the time constant became longer (4.9 seconds), and the impulse did not disappear perfectly. By comparison of these time constants, the 1/2 attenua tion effect in the electric field intensity will be defined as the ratio of these values. The ratio ranged from 1.6 to 2.6 with a mean value of 2.1 in cases of the crayfish ganglia.
Accumulation Effect by Repetitive Irradiation
Repeated application of microwave irradiation produced potentiated appea rance in the time course of the discharge frequency changes.
In Fig. 7 , four repetitive irradiations of about 5 seconds' duration were applied to a crayfish gan glion, and the impulse frequency changes were plotted with filled circles. Though the circles were scattered in wide ranges, the following two points were recognized: 
